INTRODUCTION
Human cord blood lymphocytes have been shown to include suppressor cells for in vitro polyclonal immunoglobulin production (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . However, the precise phenotypic definition of suppressor cells in cord blood has not yet been accomplished. For example, the suppressor cell has been identified by its ability to form sheep erythrocyte rosettes (E rosettes) (1-2, 11), its radiosensitivity (3-5, 7, 9-12) or by the presence of an Fc-receptor for IgG or IgM. The lack of clear phenotypic data concerning cord blood suppressor cells can be illustrated by reports of enrichment of suppressor activity in the Ty (13), T-non-y (4, 7) or even in both subpopulations (9) . More recently, Hayward et al. (8) have also used monoclonal antibodies to further delineate the surface markers in human cord blood lymphocytes. The development of these antibodies recognizing specific markers in different subpopulations of lymphocytes has enabled a more precise phenotypic delineation of many functional subsets. Several monoclonal antibodies are available that identify common T cell antigens, OKT3 and OKT11 (14, 15) ; cytotoxic/suppressor T cells; OKT8 (16) ; inducer/helper T cells, OKT4 (17) ; antigens related to myelomonocyte origin, OKM1 (18) ; and a lymphocyte surface protein associated with the E-receptor termed 9.6 (19) . A monoclonal antibody, 63D3, reacting with -80% of adherent mononuclear cells has also been developed (20) .
In this report we present a detailed analysis of the phenotypic profile of the surface markers present on cord blood mononuclear cells (CBC).1 Furthermore, we also identify the major cord blood suppressor cell activity for pokeweed mitogen-induced immunoglobulin production in the OKT8+ subpopulation.
METHODS
Preparation of peripheral blood mononuclear cells. Peripheral blood mononuclear cells (PBMC) were separated from heparinized blood of healthy adult donors (ages 25 to 40 yr) on Ficoll-Hypaque gradients (21) , washed two times in Hanks' balanced salt solution and incubated at 37°C for 45 min on glass petri dishes in RPMI 1640 with 20% fetal calf serum to remove adherent cells. After three additional washes in RPMI 1640, PBMC were then resuspended to 1 x 106 cells/ml in complete media (RPMI 1640 supplemented with 2 mM/ml L-glutamine, 200 IU/ml penicillin, 100 ,ug/ml streptomycin and 10% fetal calf serum).
1 Abbreviations used in this paper: CBC, human cord blood Fresh heparinized cord blood was obtained immediately after routine delivery from normal uncomplicated pregnancies. CBC were isolated and prepared as described above for PBMC. With the use of peroxidase stain the glass nonadherent cord cell population generally contained -80% lymphocytes and 20% monocytes.
E-rosetting cord blood cells were obtained by incubation with neuraminidase-treated sheep erythrocytes (SRBC) followed by centrifugation over Ficoll-Hypaque for 30 min at 300g. Rosetted cells contained an average of 95% E-rosette positive cells recovered before lysis of SRBC with TrisNH4Cl buffer. In some instances monocytes were depleted from PBMC by passage of the adult or cord blood cell suspensions through a Sephadex G-10 column as previously described (22) .
Monoclonal antibodies. Monoclonal mouse hybridoma were obtained from Ortho Pharmaceutical Corporation (Raritan, N. J.). For characterization of the surface markers by immunofluorescence analysis the following antibodies were used: OKT3, OKT4, OKT8, OKM1, and OKT1l. Monoclonal antibody 9.6 was purchased from New England Nuclear (Boston, Mass.). In addition, an antibody specific for human monocytes and macrophages, 63D3 (19) AlI of the corresponding monoclonal antibody at a concentration of2.5-5 ,ug/ml and washed twice in cold Hanks' balanced salt solution at 40C. The cells were resuspended to [2] [3] [4] x 106/ml in complete media and mixed with an equal volume of 0.5% suspension of ox erythrocytes coated with purified goat anti-mouse IgG (Tago, Burlingame, Calif.). The goat antibody was coupled to ox erythrocytes by the CrCl3 method. The mixture was centrifuged for 10 min at 200 g; incubated for 30 min at 4°C, and gently resuspended. Rosetting cells (more than three erythrocytes per lymphocyte) were counted to determine the relative proportion of positive cells in the sample and then separated from nonrosetting cells by centrifugation over Ficoll-Hypaque for 30 min at 300 g. The interface layer (nonrosetting population) was recovered and washed three times in RPMI 1640 before resuspension at 1 x 106 cells/ml in complete media. The purity of the negative selected fraction was tested by immunofluorescence analysis on the FACS with the same antibody used for the depletion. These fractions always contained <5% residual contaminating cells (2.6± 1.8%, mean-+-SE). Positive fractions were tested by counting the number of rosettes in the pellet (81.4 ±4.2%, mean-SE). Ox erythrocytes were lysed with TrisNH4Cl after 5 min. The rosetting cells were then washed and resuspended as above. Viability of both fractions was >95% as tested by trypan blue dye exclusion.
Because monocyte contamination might be expected to influence functional studies, an attempt was made to study the nonadherent cells remaining after the adherence preparation step using the 63D3 monoclonal antibody, which recognizes antigens unique for blood monocytes, in parallel with peroxidase staining. The rosetting technique showed an average of 22+8% monocytes remaining even after glass adherence depletion; peroxidase staining indicated 17 +3% positive residual cells.
Lymphocyte cultures. The cells in complete media were cultured in 12 x 75-mm plastic capped tubes (Falcon 2054, Becton, Dickinson & Co., Inc.) at 37°C, 5% CO2 in a humidified incubator. In each experiment a culture with 1 x 106 fresh adult PBMC was set up to measure the base-line production of immunoglobulins.
Co-culture experiments were carried out by mixing 1 x 106 adult PBMC with 10, 30, or 50% of either unfractionated CBC or the specifically isolated lymphocyte subpopulations. In a simultaneous set of cultures 10, 30, or 50% of autologous adult PBMC were added as controls. Also 5 x 105 unseparated CBC or the different subpopulations corresponding to the maximal amount of cord cells added in the coculture experiments were cultured alone. Pokeweed mitogen (PWM) (Gibco Laboratories, Grand Island Biological Co., Grand Island, N. Y.) was added at the optimal dilution of 1:300 (1 ,tg/culture).
The same lot (A495109) was used in all the experiments. The final volume per culture was 1.5 ml. The cultures were terminated by centrifugation on the 7th d and the supernatants harvested and stored at 4°C before testing. 
RESULTS
Surface markers present on CBC and adult PBMC.
FACS analyses were performed on both Sephadex G-10 nonadherent and E rosette-positive cells. (Table I) . Analysis of OKM1+ cells present in Erosetting CBC fractions did not suggest patterns typical of monocytes since these cells showed the same light scatter on the FACS as small lymphocytes. Furthermore, the percentages of peroxidase positive cells in cord blood and adult E-rosetting cells were onlv 7 and 2%, respectively. When Sephadex G-10 nonadherent cells were studied, the proportions of CBC staining either with OKT1 1 or 9.6 were almost identical (Table I) . However, when the intensity of CBC staining was compared to the adult control, it was evident that the relative fluorescence intensity of the determinants recognized by the OKT11 or 9.6 antibodies was lower in newborn lymphocytes (Fig. 1 Table  III the removal of the OKT8+ fraction completely eliminated the cord blood suppressor activity of IgG production by adult PBMC.
Suppressor activity in human CBC is enriched in the OKT8+ population. Since the depletion of a given subpopulation could simply disrupt a critical balance in CBC necessary to express suppression without meaning that the removed subpopulation was in fact the actual suppressor effector cell, we then performed co-culture experiments with both the OKT8+ (positively selected) and the OKT8-(negatively selected) subpopulations. As can be seen in Table IV there was a marked enhancement of suppression in the OKT8+ fraction and conversely an abrogation when OKT8-CBC were added. Autologous PBMC had no significant effect when added as a control in a simultaneous set ofcultures. The proportion ofcells that were OKT8+ in these enriched suspensions was 81.4±4.2% and the number of monocytes identified by histochemical stain was 16.5+4.9%.
In view of the slight residual suppressor activity in the OKT8-depleted subpopulation of some donors and of the presence of residual peroxidase positive cells, we then used two different approaches to define the possible contribution of monocytes to suppressor activity. Since OKM 1 is a monoclonal antibody reacting with monocytes and null lymphocytes (18), we compared the effect of either OKT8 or OKM1 enrichment to the functional suppressor activity of the same cord blood sample. As shown in Fig. 2 , the OKT8+ fraction showed significantly more suppressive activity than the OKM 1 + subpopulation; moreover, abrogation of suppressor activity was only evident in the OKT8-depleted subpopulation but not in the OKM1-negative cell fraction. The experiments with OKM1 monoclonal antibody did not allow differentiation between the possible suppressive activity of classical monocytes or OKM 1+ lymphocytes. For these reasons we used a monoclonal antibody 63D3 reacting with human monocytes in other experiments.
We isolated two fractions from a sample of glass nonadherent CBC using the rosetting technique with ox erythrocytes linked to rabbit anti-mnouse IgG and preincubation of mononuclear cells with mouse hybridoma antibody, 63D3. One fraction was monocyte enriched (>90% peroxidase positive cells) and the other was monocyte depleted (<7% peroxidase positive). The monocyte depleted fraction was further separated into OKM1+ and OKM1-cells by the same rosetting technique and the effect of these fractions tested (Fig. 3) . Depletion of monocytes did not abrogate the suppressor activity in cord blood. A monocyte fraction (>90% peroxidase positive) showed suppressive activity but not to the extent as OKT8+ cell enriched suspensions (Fig. 3) . Furthermnore the OKMl+ lymphocytes present in a monocyte-depleted subpopulation showed comparatively less suppressor activity than the whole monocyte-depeleted fraction. In summary, experiments shown in Fig. 3 indicate that even though highly enriched cord blood monocytes may have a suppressor effect on a PWM-driven lymphocyte immunoglobulin production under certain experimental conditions, the major cell responsible for such activity in human cord blood was an OKT8+ lymphocyte.
Suppressor activity in cord blood lymphocytes is present in both E-rosetting antd non-E rosettinig cell suspensiotns. Using the standard E-rosetting technique we found a significant decrease in the number of E-rosetting cells in cord blood as compared with adult (44±+13 vs. 75+8, P < 0.05). Since we found a 100 , normal proportion of lymphocyte cell surface markers that identify T cell lineage (OKT3, OKT4, OKT8, and OKT1, Table I ) we questioned whether the E-rosetting technique actually defined a complete T cell population. This problem was approached by analyzing the phenotypic profile of both E-rosette positive and non-E-rosetting fractions with flow cytometry. In two experiments we found OKT8+ cells in both E rosettepositive and E rosette-negative fractions. We corroborated this finding in several experiments using the monoclonal antibody rosetting technique that directly demonstrated OKT8+ cells in both the E rosette-positive and the E rosette-negative fractions (Table V) . As expected, both fractions were able to suppress in vitro IgG production in proportion to the number of OKT8+ cells present (Fig. 4) .
DISCUSSION
We have identified the major cell responsible for suppression of in vitro immunoglobulin production as an OKT8+ lymphocyte. In addition, we have measured the phenotypic profile of CBS using flow cytometry and a panel of monoclonal antibodies defining various T cell subpopulations. No differences were found in the proportions of cord and adult mononuclear cell subsets. Finally, there exists a population of newborn cells with a low density of E receptors as defined by fluorescence analysis, which may account for the relatively low proportion of E-rosetting cells with SRBC found in cord blood
Human newborn lymphocytes that suppress the in vitro PWM-induced differentiation of adult B cells have been previously described by several different groups (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . We have previously demonstrated that this suppression is not mediated by allogeneic effects per se (3) . In these studies significant suppression was not observed when allogeneic adult lymphocyte co-cultures were tested. On the contrary, enriched suppressor activity was demonstrated in cord blood when cultivated with adult cells. Most studies have characterized the cord blood suppressor lymphocyte as a radiosensitive cell that forms E rosettes. More conflicting results have arisen when differential Fc receptor binding has been used as a method for further delineation. In 1977, Oldstone et al. (13) reported that the suppressor activity of newborn lymphocytes on the mother's lymphocyte proliferation was present in a T cell subset bearing Fc receptors for IgG. Later, Hayward et al. (7) in studies corroborated by others (4) concluded just the opposite: only the T non-y population of CBC could abrogate PWN induced in vitro immunoglobulin production. Finally, a different group of investigators found suppressor activity in both subpopulations (9) .
Previous attempts to identify functional subsets of adult lymphocytes with monoclonal antibodies defining unique and distinct surface markers have been successful. Reinherz et al. have identified the cytotoxic/suppressor and the inducer/helper adult T cell in the OKT8+ and OKT4+ subpopulations, respectively (15, 17) . No such information is currently available for human CBC. Mosier et al. (24) demonstrated that the neonatal suppressor T cell in mice has the Ly 1 +, Ly 2 +, TL+, Thy+ phenotype as opposed to the Ly 2+, 3+ characteristic of the adult subset. By using different monoclonal antibodies we have identified the major suppressor cell in CBC as an OKT8+ lymphocyte. OKT8+ CBC were found in the same relative proportions as the adult controls. This finding extends the (29) reported normal activity of cord blood monocytes as effector cells in antibody-dependent cellular cytotoxicity. By enrichment or depletion of these cells we were able to demonstrate that monocytes do not have a major suppressor activity in the PWM-driven system as compared with OKT8+ lymphocytes. Furthermore, their presence is not necessary for a full expression of suppression by OKT8+ cells. Olding et al. (11) found that glass-adherent newborn cells did not inhibit the division of maternal lymphocytes; in addition, Hayward et al. (7) reported an increase of PWMinduced plaque-forming cells by adult cells when cocultured with non-E-rosetting CBC. In neither study was the actual number of monocytes involved given. It has been shown that monocytes can have a dual effect (helper or suppressor) on polyclonal B cell differentiation depending on the proportions present in the culture (30 (Table III) .
In both E rosette-positive and G-10 monocyte depleted CBC the proportion of OKT11 positive lymphocytes was comparable to normal adult controls. Similarly, the proportions of CBC staining with the hybridoma 9.6 antibody reacting with the E-receptor was not different from controls; however, the pattern of staining suggested a lower cell surface density of this determinant. Since this hydridoma recognized a protein identical or closely related to the E-receptor on T lymphocytes (20) , the lower reactivity with the 9.6 antibody could account for the decreased number of E-rosetting cord blood cells that we observed in this and previous studies (32) . In addition to the possibility that cord cells have a decreased density of E-receptors, it is also conceivable that the reduced numbers could be accounted for by less affinity for the ligand.
Another alternative explanation is that despite a comparable number of E receptors in both adult and CBC, the presence of blocking factors in newborn sera might interfere with their normal function in CBC rendering them less susceptible to separation by this technique. Several such factors capable of interaction with CBC or maternal lymphocytes have already been OKT8 Suppressor Cells in Cord Blooddescribed (33) (34) (35) . Stimson et al. (34) (15) . We also found a normal OKT4/OKT8 ratio in CBC. These results sharply contrast with the report by Hayward et al. (8) of an increase of the OKT4+ and, notably, a decrease in the OKT8+ subpopulations in cord blood. A possible explanation for this discrepancy is that these authors only tested E rosetting CBC, which as we pointed out in the results, does not necessarily select the total proportions of cord blood lymphocytes bearing this determinant.
In summary, we have characterized the major suppressor cell in cord blood as one bearing OKT8 determinants, thus providing further insight into the nature of suppressor cells in newborn infants. Possible differences between intrinsic suppressor activity of OKT8+ lymphocytes in cord blood and adult blood remain to be defined and may ultimately reveal important features inherent to suppressor cell activation.
